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AUTHOR'S PREFACE.

ABOUT twenty years ago, when the author

first commenced to make a practical application

of hydraulic formulas, he was unable to find

one for calculating the loss of head due to the

friction of water flowing in pipes, that he had

not heard criticised more or less unfavorably

by hydraulic engineers.

This unsatisfactory state of affairs led him to

commence to make special investigations upon
the subject, and to collect original data of an

experimental nature relating to the same, in

order to prove to his own satisfaction, if

possible, if any of the formulas that he was

familiar with, were reliable for general use,

and, if not, to endeavor to construct one.

The data of five hundred and twenty ex-

periments, that had been made by twenty-six

different investigators, were obtained.

A careful study of these experimental data con-

it, 5-70
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vinced the author that the same formula would

not apply to all cases, and that in order to make

an intelligent investigation, it would be necessary

to divide the data into the three following classes,

viz., thatwhich had been obtained with pipes hav-

ing very smooth interior sides similar to lead and

brass pipes, that which had been obtained with

pipes having interior sides similar to new cast-

iron pipes, and that which had been obtained

with pipes having interior sides similar to old

cast-iron pipes whose interior sides had become

roughened by oxidation.

The result of this division, was the construc-

tion by the author of a new formula* for the

flow of water in pipes having very smooth

interior sides similar to lead and brass pipes,

and his coming to the conclusion that two

formulas* constructed by an eminent French

Civil Engineer, the late Henry Darcy, were

very well adapted for pipes having interior

sides similar to new cast-iron pipes.

The formula for smooth pipes by the author
T

* Transactions Am. Society Civil Engineers, Vol. XXII., 1890.
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which was used in computing Table No. 1, was

constructed from the results o two hundred

and thirty-eight experiments, that were made

with twenty-seven different pipes, having very

smooth interior sides, ranging from one-half

inch to three and one-fourth inch in diameter.

The formulas for new cast-iron pipes, etc., by

Darcy, which were used in computing Table No.

2, were verified by the author by comparing

them with the results of one hundred and forty-

eight experiments that were made with twenty-

five different pipes, having interior sides similar

to new cast-iron pipes, ranging from three and

one-quarter inch to ninety inch in diameter.

A general formula was not discovered which

would satisfactorily apply to old cast-iron pipes

having interior sides that had become roughened

by oxidation and it was not possible to con-

struct one from the limited data at hand. The

author has, however, given in Table No. 2, a

series of multipliers which can be used, for

preliminary work, in connection with the table,

for very approximately estimating the increase

in the loss of head due to friction which may
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take place in pipes that have been in service

five or more years. These multipliers have

been recently computed by a modification of

one of Darcy's formulas for new pipes by the

author, in which a formula by Darcy for old

pipes and the results of a number of experi-

ments made with pipes that had been in service

from about two to about seventeen years were

taken into consideration.

Darcy's formulas for new pipes are safe and

reliable formulas for determining the size of

water mains. It is the opinion of some engineers,

that they represent more accurately the flow of

water in pipes that have been in service a short

time than they do the flow of water in absolutely

new and clean pipes.

The only criticism of moment, which is likely

to be made in regard to an engineer who uses

Darcy's formulas for new pipes, for determining

the size of supply and distribution pipes, is,

that his estimates of cost are too high. A
criticism of this kind, however, generally helps

the reputation of an engineer, as it is apt to give

the impression that he is a safe man. The
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engineer, on the contrary, who tries to figure

out the size of a pipe to the lowest possible

limit on account of first cost, if the pipe does

not come up to the capacity for which it was

intended, is very likely to be blamed for having

made a mistake, and his well meant intentions

relative to first cost, are, in the majority of

cases, ridiculed instead of being praised.

A first edition of each of the tables, which

were arranged and computed under the personal

direction of the author, was first published as

an appendix to an Annual Report of the City

Engineer of Providence, R. I.
; viz., Table No.

1, in 1890, and Table No. 2, in 1888. The

tables were reprinted in 1892, by permission, by
the Massachusetts Institute of Technology for

the use of its Students in Civil Engineering.

The tables have been revised and enlarged by
the author since the above mentioned editions

were published, and this edition contains the

tables as revised and enlarged.

EDMUND B. WESTON.

PROVIDENCE, R. I., April, 1896.
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TABLE No. 1,

SHOWING THE LOSS OF HEAD DUE TO THE FRIC-

TION OF WATER IN PIPES HAVING VERY

SMOOTH INTERIOR SIDES SIMILAR TO

LEAD AND BRASS PIPES.

This table shows the Loss o Head due to the

Friction of Water flowing in Pipes having very

Smooth Interior Sides similar to Lead and Brass

Pipes, under different conditions of Velocity

and Discharge, or the Inclination neecessary to

maintain the given Velocity and Discharge.

The table also gives the Head required to pro-

duce the given Velocity, and the Loss of Head

due to the Orifice of Influx.

The table includes pipes of >-inch, %-inch,

%-inch, 1-inch, l/i-inch
? IK-inch, 2-inch, 2K-

inch and 3-inch in diameter.

The mean internal diameter of the pipe, that

each page of the table refers to, is given at the

head of each page.

The first column of the table gives the mean
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velocity, in feet per second, of the water flowing

in the pipe.

The second column gives the head required

to produce the velocity in the first column,

calculated by the laws of falling bodies, inde-

pendent of friction, loss of head due to influx,

and other retarding causes. The following ex-

pression was used in calculating the results in

this column :

v
2

Head required to produce velocity = ^-'
^j

The third column gives the discharge in U. S.

gallons per minute, and the fifth column the

discharge in U. S. gallons per twenty-four

hours, when the water is flowing in the pipe

with the velocity given in the first column.

The fourth column gives the loss of head, or

the resistance, per 100 feet, arising from the

friction of the water against the interior sides

of the pipe, when the velocity of flow is the

same as the velocity in the first column, and

the discharge the same as the discharge in the

third and fifth columns. This loss of head is

also equivalent to the inclination, or slope, on
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which it would be necessary to lay the pipe in

order to maintain the given velocity and dis-

charge. The results in this column were com-

puted by Weston's formula.* The formula,

which must only be applied to pipes liaving interior

sides similar to lead and brass pipes from one-half

inch to three and one-half inches in diameter, is

as follows :

=
(0.0126+

0-0315

-'O-MVI^.V ^ v I d 20

In which h = the loss of head due to friction,

in feet.

d = the internal diameter of the

pipe, in feet.

t? = the velocity per second, in feet.

I= the length of the pipe, in feet.

20 = 64.324.

When the mean velocity, discharge, and

diameter of the pipe are constant, the loss of

head due to friction is directly and simply

as the length, consequently the loss of head

* Transactions, Am. Society of Civil Engineers, Vol. XXII., 1890.
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due to friction for any length of pipe can be

readily determined from the table.

The sixth column gives the loss of head due

to the entrance of the water into the pipe, with

the velocity in the first column, when the edges of

the inlet end of the pipe are square and flush

with the face of a wall or partition. The fol-

lowing formula was used in calculating the

results in this column :

tf
Loss of head due to influx= 0.505 -^-.

*9

If the pipe is connected with a reservoir, in

the manner mentioned in the description of the

sixth column, and laid below the hydraulic

grade line, the sum of the results given in the

second, fourth, and sixth columns, is the total

head, or the head that will be required to

generate the velocity in the first column, and

the discharge in the third and fifth columns.

The table can also be used to ascertain

approximate losses of head due to friction, and

the velocities corresponding to the same, beyond

the highest limits of the table, by the application
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of the following rule : the diameter and length

of the pipe being constant, the loss of head

varies as the square of the velocity and con-

versely the velocity as the square root of the

loss of head. The results obtained in this

manner, in connection with the table, will neces-

sarily be approximate, as the coefficient of

friction included in the formula used in com-

puting the table, is dependent upon both the

diameter and the square root of the velocity.

The results obtained by determining the loss of

head due to friction, by the square of the velocity,,

will be in excess of what the formula will give :

for a loss of head of 3,000 feet, due to friction,.

in a pipe 100 feet long, for the diameters given

in the table, it would average about eight per

cent, more
;
and the results obtained by deter-

mining the velocity by the square root of the

loss of head due to friction, will not be as much

as the formula will give : for a velocity corres-

ponding to a loss of head of 3,000 feet, due to

friction, in a pipe 100 feet long, for the diameters

given in the table, it would average about four per

cent. less. For a loss of head less than 3,000
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feet, due to friction, in a pipe 100 feet long,

and its corresponding velocity, the error in a

result obtained in this manner would be pro-

portionally less. It should be borne in mind,

however, that in determining a loss of head due

to friction or a velocity, beyond the limits of the

table by using the square of the velocity or the

square root of the loss of head due to friction,

that in each instance the highest velocity or loss of

head due to friction (for each diameter) given in tlie

table must be used as the base of computation, in

order to obtain the most reliable result.

Following the table there is a supplementary

table of theoretical velocities which is to be used

in conjunction with the table, for obtaining

approximate results, when the results desired

are beyond the highest limits of the results

given in the table.

It may seem in first looking over the table, as

though it contained in some instances losses of

head due to friction which extend far beyond
the range of practical application, especially in

regard to pipes of small diameter. This would

undoubtedly be the fact if the table was only
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intended to cover lengths of pipe of 100 feet or

over, such, however, as has previously been

explained, is not the case, the table having been

arranged for determining results for pipes less

than 100 feet in length as well as for pipes more

than 100 feet in length. For instance, the total

head from the table corresponding to a velocity

of 50 feet, for a ^-inch pipe 100 feet long, =

1,573 + 39 -f 20,
= 1,632 feet, and it might be

said with very good reason that a pipe of this size

discharging under such a high head as 1,632

feet would never be met with in actual experi-

ence, unless, possibly, in a most exceptional

case
;
but a ^-inch pipe 10 feet long discharging

under a total head of 1,573 -*-
10, + 39 + 20 =

216 feet, is not such an unusual occurrence.

One of the principal objects, that was borne in

mind when the table was being arranged, was

to make it, as far as was practicable, so that

even exceptional problems could be readily

solved.

In using the table when other lengths of pipe

than 100 feet are to be taken into consideration,

as well as for cases when the results desired
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are beyond the highest limits of the table, it

will probably be necessary, in some instances,

especially for a person who is not in the habit

of making hydraulic calculations, to make

several trials before the correct result is ob-

tained. A little practice, however, will perceiv-

ably facilitate the use of the table.

The following examples illustrate a number

of ways in which the information contained in

the table can be applied, for obtaining results

which are not given in the table :

Positive results can be obtained in the man-

ner shown by examples Nos. 1, 2 and 3, as the

rule applied in order to obtain them, is : when

the mean velocity, discharge, and diameter of

the pipe are constant, the loss of head due to

friction is directly and simply as the length

of the pipe. Approximate results, only, how-

ever, can be obtained in the manner shown

by examples Nos. 4 and 5, as the results will be

beyond the highest limits of the table and the

rule applied in order to obtain them : the

diameter and length of the pipe being constant

the loss of head due to friction varies as the
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square of the velocity and conversely the

velocity as the square root of the loss of head

due to friction, is, in the present instance, for

reasons previously mentioned, an approximate

rule.

EXAMPLE No. 1.

Question. What will be the diameter of a

pipe which will supply a boiler, carrying 60

pounds of steam to the square inch, 50,000 gal-

lons of water per 24 hours, the elevation of the

reservoir which will supply the water being 167

feet above the boiler and the length of pipe 100

feet?

Answer. The loss of head in this case must not

exceed 167 139 (which is the head equivalent to-

60 pounds), = 28 feet. The table shows that a,

IM-inch pipe will deliver 49,680 gallons of water

per 24 hours, under a total head of 27.40 feet

(25.50, + (~=) 1.26, + (f-x
0.505 =

)
0.64).

This result checks within 0.60 of a foot

(28 27.40), which is as near as can be ob-
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tained from the table. Therefore a pipe 1M-

inch in diameter is the pipe required.

EXAMPLE No. 2.

Question. What will be the diameter of a pipe

which will supply a boiler, the conditions being

the same as given in the question for Example
No. 1, with the exception, that the quantity of

water required is 40,000 gallons and the length

of the pipe 40 feet?

Answer. The ratio of the lengths used in

computing the table, to the given length,

100
~, =

2.5, 2.5 x 28 = 70 feet. The table

shows that the discharge of a 1-inch pipe

corresponding to a friction head of 60.10 feet

is 44,640 gallons of water per 24 hours, the in-

40
verse ratio of the lengths, s ,

=
0.4, 0.4 X 60.10

1UU

= 24.04, 24.04, + (|L
=

)
2.49, +

(j-
X 0.505

=)

1.26,
= a total head of 27.79 feet. This result

checks within 0.21 feet (28 27.79), which is

as near as can be obtained from the table.
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Therefore a pipe 1-inch in diameter is the pipe

required.

EXAMPLE No. 3.

Question. What will be the discharge from

a reservoir in gallons per minute, through a 1-

inch pipe 200 feet long, under a total head of

300 feet?

Answer. The ratio of the length used in

computing the table to the given length,

100~" = 0.50, 0.50 X 300 = 150 feet. The table
zuu

shows that the discharge of a 1-inch pipe

corresponding to a friction head of 143.91 is

50.00 gallons per minute
;
the inverse ratio of

200
the lengths,^ = 2.0, 2.0 x 143.91 = 287.82,

JLuU

287.82,+(=)
6.48+ (~ x 0.505 =

)
3.27, =

a total head of 297.57 feet. This result checks

within 2.43 feet (300 297.57), which is as

near as can be obtained from the table. There-

fore a pipe 1-inch in diameter and 200 feet long,

under a total head of 300 feet, will discharge

50.00 gallons of water per minute.
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EXAMPLE No. 4.

Question. What will be the approximate

discharge from a reservoir
7

in gallons per

minute, through a 3-inch pipe 100 feet long

under a total head of 500 feet ?

Ansiver. The friction head given in the table

opposite to the velocity of 50 feet is 233 feet,

and the total head, 233, -f (TT+TT- x
0.505 =\

59, = 292 feet. As a total head of 292 feet

will produce a velocity of 50 feet, assume 70

feet as the increased velocity which would be

produced by 500 feet, the given total head.

The supplementary table of theoretical velocities

v*
shows that ^- for a velocity of 70 is 76 feet and

%9

~ x 0.505 = 38 feet, 76+ 38 = 114 feet, 500

114 = 386 feet, which is to be used as an

assumed friction head
5
the square root of the

assumed friction head 386 divided by the square

root of 233, the friction head taken from the

table, corresponding to 50, the highest velocity,

^ =
1-29, 1.29 X 50 (the velocity from
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the table),
= 64.5 feet, which is the resultant

velocity, -~-+ ~ X 0.505 for a velocity of 64.5,

is found by the aid of the supplementary table

of theoretical velocities to be 98 feet, 98 + 386

(the assumed friction head for a velocity of 70

feet),
= a total head of 484 feet. If the

assumed velocity had been the actual velocity

this 484 would have been equal to 500 the given

total head, and the resultant velocity 64.5 the

same as 70, the assumed velocity, and as their

differences are so great (500 484 = 16 and 70

64.5 = 5.5), it will be necessary to make, at

least, one more trial.

For the second trial assume a velocity of 66

feet. The supplementary table of theoretical

v* v2

velocities shows that -^ |--?r~ X 0.505 for a vel-

20 *9

ocity of 66 is 102 feet, 500 102 = 398 feet;

the square root of the assumed friction head

398 divided by the square root of 233, the fric-

tion head taken from the table corresponding to

50, the highest velocity, = 1.31, 1.31 X
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50 (the velocity from the table), = 65.5 feet

v* v 2

which is the resultant velocity, -~ h o~ X 0.505
j i/

for a velocity of 65.5 is found by the aid of the

supplementary table of theoretical velocities to

be 101 feet, 101 + 398 (the assumed friction

head for a velocity of 66 feet),
= a total head of

499 feet. This result is sufficiently near as the

total heads check to within 1 foot (500 499)

and the velocities to within 0.5 feet (66 65.5).

To obtain the discharge in gallons per minute,

multiply 1,104 (the gallons per minute given in

the table corresponding to a velocity of 50), by
1.31 (the ratio of the square roots of the friction

heads), 1,104x1.31 = 1,446 gallons. There-

fore a 3-inch pipe 100 feet long, under a total

head of 500 feet will discharge 1,446 gallons per

minute.

EXAMPLE No. 5.

Question. What will be the approximate dis-

charge from a reservoir, in gallons per minute,

through a 3-inch pipe 10 feet long, under a total

head of 300 feet?
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Answer. The inverse ratio of the length used

in computing the table to the given length,
-

100
,

= 0.10, 233 feet is the friction head given in the

table opposite to the velocity of 50 feet, 233 X
0.10= 23.3 feet, the friction head in a pipe 10 feet

long corresponding to a velocity of 50 feet, and

the total head, 23.3 + f~r X 0.505= 59,

= 82.3 feet. As a total head of 82.3 feet will

produce a velocity of 50 feet, assume 100 feet

as the increased velocity which would be pro-

duced by 300 feet, the given total head. The

supplementary table of theoretical velocities,

shows that 77- for a velocity of 100 is 155 feet
9

and
|- X

0.505= 78 feet, 155 + 78= 233 feet,

300 233 = 67 feet, which is to be used as an

assumed friction head; 67 multiplied by the

100
vatio of the lengths, -j^-,

=
10, = 670 feet; the

square root of the assumed friction head 670

divided by the square root of 233, the friction

head taken from the table corresponding to 50
;
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25 88
the highest velocity,= ^r^ = 1 -7

?
*-7 x^ (

tne

velocity from the table),
= 85 feet which is the22

'V 1}

resultant velocity, -~- + o~ X 0.505 for a veloc-

ity of 85 is found by the aid of the supplemen-

tary table of theoretical velocities to be 169

feet, 169 + 67 (the assumed friction head for a
'

velocity of 100 feet in a pipe 10 feet long),
= a

total head of 236 feet. If the assumed velocity

had been the actual velocity, this 236 would

have been equal to 300 the given total head,

and the resultant velocity 85 the same as the

assumed velocity 100, and as their differences

are so great (300236 = 64 and 100 85 = 15),

it will be necessary to -make, at least, one more

trial.

For the second trial assume a velocity of 96

feet. The supplementary table of theoretical

2 2

velocities shows that
-^

|- ^ X 0.505 for a

velocity of 96 is 215 feet, 300 215 = 85

100
feet, 85 X

-^r>
= 850 feet; the square root of
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the assumed friction head 850 divided by the

square root of 233, the friction head taken from

the table corresponding to 50, the highest veloc-

oq i

ity,
=

,-|^-,
= 1.91, 1.91 X 50 (the velocity

JLo.^u

from the table), = 95.5 feet, which is the result-

v* v*
ant velocity, -^ \- -^X 0.505 for a velocity of

&9 ty

95.5 is found by the aid of the supplementary

table of theoretical velocities to be 214 feet,

214 -{- 85 (the assumed friction head for a

velocity of 96 feet in a pipe 10 feet long), = a

total head of 299 feet. This result is sufficiently

near as the total heads check to within 1 foot (300

299) and the velocities to within 0.5 feet (96

95.5). To obtain the discharge in gallons per

minute, multiply 1,104 (the gallons per minute

given in the table corresponding to a velocity of

50), by 1.91 (the ratio of the square roots of the

friction heads), 1,104x1.91 = 2,109 gallons.

Therefore a 3-inch pipe 10 feet long, under a

total head of 300 feet, will discharge 2,109

gallons per minute.
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DIAMETER ONE-HALF INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEK ONE-HAL! INGE.

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE ONE-HALF INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEK ONE-HAL! INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER ONE-EALP INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE ONE-HAL! INCH.

Mean
Velocity
of Water
in Ft.
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DIAMETEE IIVE-EIGHTH INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



26 FRICTION OF WATER IN SMOOTH PIPES.

DIAMETEK IIVE-EIGHTH INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE PIVE-EIGHTH INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



28 FRICTION OF WATER IN SMOOTH PIPES.

DIAMETEK HVE-EIGKTH INGE.

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEK IIVE-EIGHTH INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER TEREE-POURTE INGE,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE THKEE-rOUKTE INCH.

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEK THKEE-FOUETE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER THKEE-rOURTH INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE THKEE-FOUKTE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE THREE-FOURTH INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



36 FRICTION OF WATER IN SMOOTH PIPES.

DIAMETEE ONE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN SMOOTH PIPES. 37

DIAMETER ONE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE ONE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE ONE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE ONE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN SMOOTH PIPES. 41

DIAMETEE ONE INCH.

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN SMOOTH PIPES.

DIAMETER ONE AND ONE-FOUBTE INCH,

Mean
Velocity
of Wciter
in Ft.

per
Second.
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DIAMETER ONE AND ONE-FOURTH INCH.

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE ONE AND ONE-rOUETH INCH,

Mean
Velocity
of Water
in Ft.
per

Second.
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DIAMETEE ONE AND ONE-FOUETH INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE ONE AND ONE-POUETE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER ONE AND ONE-FOURTH INCH,

Mean
"Velocity
of Water
in Ft.

per
Second.
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DIAMETER ONE AND ONE-HALF INCH.

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER ONE AND ONE-HALP INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE ONE AND ONE-HALF INCH.

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE ONE AND ONE-HALP INCH,

Mean
Velocity
of Wat-r
in Ft.

pel-
Second.
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DIAMETER ONE AND ONE-HAL! INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN SMOOTH PIPES. 53

DIAMETER ONE AND ONE-HALE INCH,

Mean
Velocity
of Water
in Ft.

per
Second .



54 FRICTION OF WATER IN SMOOTH PIPES.

DIAMETEE TWO INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE TWO INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER TWO INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE TWO INCH,

Mean
,

H. ad in
DisM , harffft

Velocity Ft. re-

in
w^rScio ^

S^ond. Velo'Sy.
Mi''te '
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DIAMETER TWO INCH,

Mean
Velocity
of Water
in Ft.

Second.
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DIAMETER TWO INCH.

Mean
Velocity
of Water
in Ft.

per
second.
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DIAMETEE TWO AND ONE-HALF INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OP WATER IN SMOOTH PIPES. 61

DIAMETER TWO AND ONE-HALF INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE TWO AND ONE-HAL! INCH,

Mean
Velocity
of Water
in Ft.

pei-

Second.
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DIAMETEK TWO AND ONE-HALP INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER TWO AND ONE-EALP INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE TWO AND ONE-HALF INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER THEEE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE THEEE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER THREE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE THREE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE THEEE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER THREE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



Supplementary Table of Theoretical Velocities, to be Used in Obtaining
Results Beyond the Highest Limits of Table No. 1.

V







75

TABLE No. 2,

SHOWING THE LOSS OP HEAD DUE TO THE FRIC-

TION OF WATER IN PIPES'HAVING INTERIOR

SIDES SIMILAR TO NEW CAST-IRON PIPES.

This table shows the Loss of Head due to the

Friction of Water flowing in Pipes having In-

terior Sides similar to New Cast-Iron Pipes,

under different conditions of Velocity and Dis-

charge, or the Inclination necessary to maintain

the given Velocity and Discharge. The table

also gives the Head required to produce the

given Velocity, and the Loss of Head due to

the Orifice of Influx.

The table includes pipes of 4-inch, 6-inch,

8-inch, 10-inch, 12-inch, 16-inch, 20-inch, 24-

inch, 30-inch, 36-inch, 48-inch and 60-inch in

diameter.

The mean internal diameter of the pipe, that

each page of the table refers to, is given at the

head of each page.
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The first column of the table gives the mean

velocity in feet per second, of the water flowing

in the pipe.

The second column gives the head required

to produce the velocity in the first column,

calculated by the laws of falling bodies, inde-

pendent of friction, loss of head due to influx,

and other retarding causes.

The third column gives the discharge in U. S.

gallons per minute, and the fifth column the

discharge in U. S. gallons per twenty-four hours,

when the water is flowing in the pipe with the

velocity in the first column.

The fourth column gives the loss of head, or

the resistance, per 1,000 feet, arising from the

friction of the water against the interior sides

of the pipe, when the velocity of flow is the same

as the velocity in the first column, and the dis-

charge the same as the discharge in the third

and fifth columns. This loss of head is also

equivalent to the inclination, or slope, on which

it would be necessary to lay the pipe in order

to maintain the given velocity and discharge.

The results in this column were computed by



FRICTION OF WATER IN CAST-IRON PIPES. 77

two formulas, of H. Darcy, given on pages 254,

258 and 368 of his work, entitled, Reclicrclws

experimentales relatives au mouvement de l
jeau dans

les tuyaux. These formulas have been reduced

to English measures, under the foliowing forms:

h= I 0.017379 + 0.0015965 +

0.0040723 + 0.000020816\ JL.^.
~JT- \\d 20

.

a
I

h = ( 0.0198920 4- 0.00166573 V 4'sr
V / d 2g

a

In which h = the loss of head due to friction,

in feet.

d = the internal diameter of the pipe,

in feet.

v = the velocity per second, in feet.

I = the length of the pipe, in feet.

2g = 64.324.

The first formula was used for velocities of

flow less than 0.33 feet per second, and the
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second formula, which is generally known as

"
Darcy's Formula," for velocities of flow in-

cluding and exceeding 0.33 feet per second.

When the mean velocity, discharge, and di-

ameter of the pipe are constant, the loss of head

due to friction is directly and simply as the

length, consequently the loss of head due to

friction for any length of pipe can be readily

determined from the table.

The sixth column gives the loss of head due

to the entrance of the water into the pipe,

with the velocity in the first column, when the

edges of the inlet end of the pipe are square

and flush with the face of a wall or partition.

The following formula was used in calculating

the results in this column :

v*
Loss of head due to influx = 0.505 -^- .

%g

If the pipe is connected with a reservoir, in

the manner mentioned in the description of the

sixth column, and laid below the hydraulic

grade line, the sum of the results given in the

second, fourth, and sixth columns, is the total

head, or the head that will be required to gene-
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rate the velocity in the first column, and the

discharge in the third and fifth columns.

Although the table has been computed to

such limits that, by the use o the rule relative to

the length of the pipe, nearly all of the results

that will generally be required in ordinary prac-

tice can be directly obtained from the table,

it is possible that at times exceptional cases

will arise and results may be desired which

will be beyond the highest limits of the table.

For cases of this kind the table can also be

used by the application of the following rule :

the diameter and length of the pipe being con-

stant, the loss of head varies as the square of

the velocity and conversely the velocity as the

square root of the loss of head. Positive

results can be obtained in this manner, as the

coefficient of friction included in the formula

used in computing the highest losses of head

due to friction given in the table, is simply

dependent upon the diameter and not upon
both the diameter and the square root of the ve-

locity as in Weston's formula for very smooth

pipes, that was used in computing table No. 1.
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Following the table there are two supple-

mentary tables : A and B.

Supplementary table A, is a table of the-

oretical velocities which is to be used in con-

junction with the table when the results desired

are beyond the highest limits of the results

given in the table.

"

Supplementary table B, has been given,

mainly, for conveniently computing additional

results, if it should be desired, for the different

columns of the table, beyond the highest results

now contained in the table. It can also be used

for obtaining positive results for all velocities

above 0.33 feet per second. Two ways that it

can be used advantageously are shown in ex-

amples Nos. 4 and 5.

The loss of head due to friction per 1,000

feet, which may take place in pipes that have

been in service five or more years, for velocities

above 0.33 feet per second, can be very approx-

imately estimated, for preliminary work, by

multiplying the loss of head due to friction

given in the fourth column of the table by the

following multipliers, which were computed by a
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modification of
"
Darcy's Formula" by the author,

in which a formula by Darcy for old pipes and

the results of a number of experiments made

with pipes that had been in service from about

two to about seventeen years were taken into

consideration :

Number
of Years of
Service of
the Pipes.
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ation, as well as for cases when the results

desired are beyond the highest limits of the

table, it will probably be necessary, in some

instances, especially for a person who is not in

the habit of making hydraulic calculations, to

make several trials before the correct result is

obtained. A little practice, however, will per-

ceivably facilitate the use of the table.

The following examples illustrate a number

of ways in which the information contained in

the table can be applied for obtaining results

which are not given in the table :

EXAMPLE No. 1.

Question. What size of pipe will be required

to furnish a district with 38,000,000 gallons of

water per 24 hours, under 150 feet head
j
the

point of delivery being located 50,000 feet from

the resevoir which will supply the water, and its

elevation 173 feet below the water line of the

same!

Answer. The loss of head in this case must

not exceed 173 150 = 23 feet. The table
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shows that two 48-inch pipe will deliver the

amount of water required with a loss of head

of 21.63 feet, viz. : The friction head shown in

the table for a 48-inch pipe 1,000 feet long

corresponding to a discharge of 38,000,000 gal-

lons + 2 = 19,000,000 gallons, is 0.43 feet, and

for a length of 50,000 feet = 21.50 feet, 21.50+
/ 0.09 = -

} + ( 0.04 = 0.505 -- )
= 21.63

V *g /. -:\ &g /

feet. Four 36-inch pipe will also deliver this

amount with a loss of head of 23.10 feet, viz. :

The friction head shown in the table for a 36-

inch pipe 1,000 feet long corresponding to a dis-

charge of 38,000,000 gallons -r- 4 = 9,500,000 gal-

lons, is 0.46 feet, and for a length of 50,000 feet =

23.00 feet, 23.00 +
(
0.07 ==

-|^-)
+

(
0.03 =

0.505 ^-} = 23.10 feet.

EXAMPLE No. 2.

Question. What will be the discharge from a

reservoir, in gallons per minute, through a 4-
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inch pipe 1,800 feet long, under a total head of

150 feet?

Answer. The ratio of the length used in

computing the table to the given length,
-

,
=

1 oOO

0.56, 0.56 X 150 = 84 feet
;

the discharge of

a 4-inch pipe corresponding to a friction head

of 82.40 feet, which is the nearest to 84 feet, is

330 gallons per minute
;
the inverse ratio of the

lengths, =^,
=

1.8, 1.8 X 82.40= 148.32 feet,

148.32 +
(
1.10 +

(
0.50 = 0.505 ~ \ =

149.98 feet. Therefore a 4-inch pipe 1,800 feet

long, under a total head of 149.98 feet, will dis-

charge 330 gallons per minute.

EXAMPLE No. 3.

Question. What will be the discharge from a

reservoir, in gallons per minute, through a 4-

inch pipe 500 feet long, under a total head of

150 feet?

Answer. The ratio of the length used in
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1000
computing the table, to the given length, ,

=

2, 2 x 150 = 300 feet
;
the discharge of a 4.

inch pipe corresponding to a friction head of

300.32 feet, which is the nearest to 300 feet, is

630 gallons per minute
;
the inverse ratio of

the lengths, =0.5, 0.5x300.32 = 150.16
luUU?

feet, 150.16+ (4.02:=^
\ + ( 2.03=0.505^

= a total head of 156.21 feet. This total head

is too large, however, (156.21 150 = 6.21).

For a second trial take the friction head

the next lower in the table, 290.86 feet, which

corresponds to a discharge of 620 gallons per
^00

minute,
-~

,
=

0.5, 0.5 x 290.86 = 145.43,1UUU

145.43 + (
3.90 = --) -f ( 1.97 = 0.505~

\ 2g / V 2g

= 151.30 feet. Therefore a 4-inch pipe 500

feet long, under a total head of 151.30 feet,

will discharge 620 gallon per minute.
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EXAMPLE No. 4.

Question. What will be the total head re-

quired to cause water to flow from a reservoir,

at a rate of 20,000,000 gallons per 24 hours,

through a 16-inch pipe 1,000 feet long!

Answer. The largest discharge given in the table

for a 16-inch pipe is 8,064,000 gallons per 24 hours,

and the velocity opposite to this discharge 8.94

feet. The velocity corresponding to a discharge

of 20,000,000 gallons =

20,000,000
feet, or by supplementary table 13, 14.4.0

= 13,889 gallons per minute, --- 22.16.

The friction head given in the table opposite to

a velocity of 8.94 and a discharge of 8,064,000 =
19.69 feet. The friction head due to a velocity

22 172

of 22.17 = -- X 19.69 = 121.09 feet, or by

supplementary table B, = 13,889
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gallons per minute,
' ^ =

v, v* X 0.24649 =
U^O. I U

121.06.

v* v*
-~ |- -~ X 0.505 given in the table opposite

to a velocity of 8.94 and a discharge of

8,064,000 (1.24 + 0.63) = 1.87 feet, 1.87 x

22 172

2 =11.50 feet, or by supplementary table
O.cTT

20 000 000
B,

- = 13,889 gallons per minute,

=
v, v*x (0.01555+ 0.007851) =11.49.

Therefore the total head required is 121.09 +
11.50 =132.59 feet.

EXAMPLE No. 5.

Question. What will be the total head re-

quired to cause water to flow from a reservoir,

at a rate of 40,000,000 gallons per 24 hours,

through a 36-inch pipe 50,000 feet long ?

Answer. The largest discharge given in the

table for a 36-inch pipe is 28,800,000 gallons per
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24 hours, and the velocity opposite to this dis-

charge = 6.30 feet. The velocity correspond-

ing to a discharge of 40,000,000 gallons

40,000,000

28^00^00
X 6.30 = 8.76 feet, or by supple-

mentary table B, ^rj~ = 27,778 gallons

27,778
per minute, =8.76.

The friction head given in the table opposite

to a velocity of 6.30 and a discharge of

28,800,000 = 4.21 feet. The friction head

for a length of 1,000 feet, due to a velocity
Q a/?2

pf 8.76 = ^5- x 4.21 = 8.13 feet, or by
u.oU

supplementary table B, ^'^ffi
00 = 27,778

27 778
gallons per minute,

' =
v, v* X 0.10597

= 8.13. The friction head for a length of

50,000 feet, is the inverse ratio of the length

used in computing the table to the given length

multiplied by the friction head for a length of

^0 000
1,000 feet,

= ^r^h X8.13 = 406.50 feet.
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tf v*

h o- X 0.505 given in the table opposite to
if &

a velocity of 6.30 and a discharge of 28,800,000

(0.62 + 0.31) = 0.93 feet, 0.93x|^* = 1.80

40,000,000
feet, or by supplementary table B,

'-14.4.0

27 778
27,778 gallons per minute, 01 70 fio

~ v
>

v* x

(0.01555 + 0.007851) =-1.80.

Therefore the total head required is 406.50

+ 1.80 = 408.30 feet.

EXAMPLE No. 6.

Question. What will be the discharge from a

reservoir, in gallons per minute, through a 12-

inch pipe 1,000 feet long under a total head of

200 feet?

Answer. The friction head given in the table,

for a 12-inch pipe, opposite to the velocity of 10

feet is 33.56 feet, and the total head, 33.56, +
~ + ~~ x a505 = 2>35

>
= 35<91 feet * As a
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total head of 35.91 feet will produce a velocity

of 10 feet, assume 20 feet as the increased

velocity which would be produced by 200 feet,

the given total head. The supplementary table

v*
of theoretical velocities A. shows that -^j%

v
2

for a velocity of 20 is 6.2 feet and -~- X 0.505 =

3.13 feet, 6.2 + 3.13 = 9.33 feet, 2009.33=
190.67 feet, which is to be used as an assumed

friction head
;
the square root of the assumed

friction head 190.67 divided by the square root

of 33.56, the friction head taken from the table,

corresponding to 10, the highest velocity,

iq 01

i, =
2.39, 2.39x10 (the velocity from the

table),
= 23.9 feet, which is the resultant veloc-

v* v*

ity, 9-+ o-X 0.505 for a velocity of 23.9, is
^9 -9

found by the aid of the supplementary table of

theoretical velocities A, to be 13.39 feet, 13.39

+ 190.67 (the assumed friction head for a

velocity of 20 feet), = a total head of 204.06

feet. If the assumed velocity had been the
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actual velocity this 204.06 would have been equal

to 200 the given total head, and the resultant

velocity 23.9 the same as 20, the assumed

velocity, and as their differences are so great

(204.06200=4.06 and 23.920 = 3.9), it will

be necessary to make, at least, one more trial.

For the second trial assume a velocity of 23.5

feet. The supplementary table of theoretical

v'
2

v*
velocities A, shows that -~

|-
-~ X 0.505 for a

velocity of 23.5 is 12.94 feet, 200 12.94 =
187.06 feet; the square root of the assumed

friction head 187.06 divided by the square root

of 33.56, the friction head taken from the table

corresponding to 10, the highest velocity, =

-F-^r-=2.36, 2.36x10 (the velocity from the
o. i y

table), = 23.6 feet which is the resultant velocity,

v* v9

o-+ o- X 0.505 for a velocity of 23.6 is found

by the aid of the supplementary table of the-

oretical velocities A, to be 13.09 feet, 13.09 +
187.06 (the assumed friction head for a velocity

of 23.5 feet),
= a total head of 200.15 feet.
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This result is sufficiently near as the total heads

check to within 0.15 foot (200.15 200) and

the velocities to within 0.1 feet (23.6 23.5).

To obtain the discharge in gallons per minute,

multiply 3,525 (the gallons per minute given in

the table corresponding to a velocity of 10), by
2.36 (the ratio of the square roots of the friction

heads), 3,525x2.36 = 8,319 gallons. There-

fore a 12-inch pipe 1,000 feet long, under a

total head of 200 feet will discharge about

8,319 gallons per minute.

EXAMPLE No. 7.

Question. What will be the discharge from a

reservoir, in gallons per minute, through a 12-

inch pipe 100 feet long, under a total head of

50 feet!

Answer. The inverse ratio of the length used

in computing the table to the given length,

100
-,
=

0.10, 33.56 feet is the friction head

given in the table, for a 12-inch pipe, opposite

to the velocity of 10 feet, 33.56x0.10 == 3.36
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feet, the friction head in a pipe 100 feet long

corresponding to a velocity of 10 feet, and the

total head, 3.36 + (- +-|^
x 0.505 = \ 2.35,=

y J '

5.71 feet. As a total head of 5.71 feet will

produce a velocity of 10 feet, assume 28 feet as

the increased velocity which would be produced

by 50 feet, the given total head. The supple-

mentary table of theoretical velocities A, shows

tf
that -~- for a velocity of 28 is 12.2 feet and

-- x 0.505 = 6.16 feet, 12.2+ 6.1618.36 feet,
~9

50 18.36=31.64 feet, which is to be used as an

assumed friction head
j

31.64 multiplied by the

1 000
ratio of the lengths, -^r, =

10,
= 316.4 feet;

the square root of the assumed friction head 316.4

divided by the square root of 33.56, the friction

head taken from the table corresponding to 10,

17 70
the highest velocity, = r~~= 3.07, 3.07x10

o. i j

(the velocity from the table), = 30.7 feet which

is the resultant velocity. T -4--^- X 0.505 for
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a velocity of 30.7 is found by the aid of the

supplementary table of theoretical velocities A,

to be 22.12 feet, 22.12 + 31.64 (the assumed

friction head for a velocity of 28 feet in a pipe

100 feet long), = a total head of 53.76 feet.

If the assumed velocity had been the actual

velocity, this 53.76 would have been equal to

50 the given total head, and the resultant veloc-

ity 30.7 the same as the assumed velocity 28,

and as their differences are so great (53.76

50 = 3.76 and 30.7 28, = 2.7), it will be

necessary to make, at least, one more trial.

For the second trial assume a velocity of

29.5 feet. The supplementary table of the-

fo 1)^

oretical velocities A. shows that -^r- +-~-X 0.505
2# 2g

for a velocity of 29.5 is 20.32 feet, 50 20.32

1000= 29.68 feet, 29.68 X-=^ ,
= 296.8 feet

;
the

square root of the assumed friction head 296.8

divided by the square root of 33.56, the friction

head taken from the table corresponding to 10,

the highest velocity, = 4^ = 2.98, 2.98 X 10
o. / y
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(the velocity from the table), = 29.8 feet, which

V* V*
is the resultant velocity,

-+ - X 0.505 for
*9 ty

a velocity of 29.8 is found by the aid of the

supplementary table of theoretical velocities A,

to be 20.77 feet, 20.77 + 29.68 (the assumed

friction head for a velocity of 29.5 feet in a

pipe 100 feet long), = a total head of 50.45

feet. This result is sufficiently near as the

total heads check to within 0.45 foot (50.45

50) and the velocities to within 0.3 feet (29.8

29.5). To obtain the discharge in gallons per

minute, multiply 3,525 (the gallons per minute

given in the table corresponding to a velocity

of 10), by 2.98 (the ratio of the square roots of

the friction heads), 3,525 x 2.98 = 10,505 gal-

lons. Therefore a 12-inch pipe 100 feet long,

under a total heacf of 50 feet, will discharge

about 10,505 gallons per minute.
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DIAMETEE TOUK INCH.

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETER TOUE INGE.

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE TOUK INCH.

>.oaii

Veloc.tv
of Water
in Ft.

per
Second.
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DIAMETER TOUE INCH,

Mean
Velocity
of Water
in Ft.

per
Second,
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DIAMETEE SIX INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE SIX INCH,

Mean
Velocity
of Water
in Ft.

per
Second.

7.09
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DIAMETEK SIX INCH,

Mean
Velocity
of Water
in Ft.

per
Second.
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DIAMETEE SIX INCH.

Mean
Velocity
of Water
in Ft.
per

Second.



FRICTION OF WATER IN CAST-IRON PIPES. 105

DIAMETER EIGHT INCH.

IViean

Velocity
of Water
in Ft.

per
Second.



106 FRICTION OF WATER IN OAST-IRON PIPES.

DIAMETER EIGHT INCH.

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 107

DIAMETEK EIGHT INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



108 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEK EIGHT INGE,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN OAST-IRON PIPES. 109

DIAMETER EIGHT INCH,

Mean
Velocity
of Water
in Ft.



110 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE TEN INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OP WATER IN CAST-IRON PIPES. Ill

DIAMETEK TEN INCH.

Mean
Velocity
of Water
in Ft.

per
Second.



112 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE TEN INCH.

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 113

DIAMETEK TEN INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



114 FRICTION OF WATER IX ('AST-IRON PIPES.

DIAMETER TEN INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 115

DIAMETER TWELVE INCH.

Mean
Velocity
of Water
in Ft.

per
Second.



116 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETER TWELVE INCH,

Mean
Velocity
of Water
in Ft.

Second.



FRICTION OF WATER IN CAST-IRON PIPES. 117

DIAMETEE TWELVE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



118 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETER TWELVE INCH.

Mean
Velocity
of Water
in Ft.

pei-
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 119

DIAMETEK TWELVE INGE.

Mean
Velocity
of Water
in Ft.

per
Second.



120 FRICTION OF WATER IN OAST-IRON PIPES.

DIAMETEK TWELVE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 121

DIAMETEE SIXTEEN INCH.

Mean
Velocity
of Water
in Ft.

per
Second.



122 FRICTION OP WATER IN CAST-IRON PIPES.

DIAMETEE SIXTEEN INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 123

DIAMETER SIXTEEN INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



124 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETER SIXTEEN INCH,

Mean
Velocity
Of Water
in Ft.

p*r
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 125

DIAMETEE SIXTEEN INCH,

Mean
Velocity
of Water
in Ft.
per

Second.

7.74



126 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE TWENTY INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 127

DIAMETEK TWENTY INCH,

Mean
Velocity
of Water
in Ft.

pel-
Second.



128 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE TWENTY INCH,

Mean
Velocity
of Water
in Ft.

pei-
Second.

2.50



FRICTION OF WATER IN CAST-IRON PIPES. 129

DIAMETER TWENTY INCH,

Mean
Velocity
Of Water
in Ft.

per
Second.



130 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE TWENTY INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 181

DIAMETER TWENTY INCH,

Mean
Velocity
of Water
in Ft.

per
Second.

6.18



132 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEK TWENTY INCH,

Mean
Velocity
of Water
in Ft.



FRICTION OP WATER IN CAST-IRON PIPES. 133

DIAMETEE TWENTY-IOUE INCH.

Mean
Velocity
of Water
in Ft.

pel-
Second.



134 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEK TWENTY-POUK INCH,

Mean
Velocity
of Water
in Ft.

per
Second.

0.89



FRICTION OF WATER IN CAST-IRON PIPES. 1 :>5

DIAMETEE TWENTY-fOUE INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



136 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETER TWENTY-POUR INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 137

DIAMETEE TWENTY-POUK INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



138 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETER TWENTY-FOUE INCH,

Mean
Velocity
Of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 139

DIAMETEE TWENTY-FOUR INCH.

Mean
Velocity
of Wuter
in Ft.

per
Second.



140 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEK TWENTY-POUK INCH.

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 141

DIAMETEK THIKTY INCH,

Mean
Velocity
of Water
in Ft.

pel-
Second.



142 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE THIETY INCH,

Mean
Velocity
of Water
in Ft .

per
Second.

1.13



FRICTION OF WATER IN CAST-IRON PIPES. 143

DIAMETER THIETY INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



144 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE THIETY INCH.

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 145

DIAMETEE THIETY INCH.

Mean
Velocity
of Water
in Ft.

pel-
Second.



146 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE THIRTY INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 147

DIAMETEE THIETY-SIX INCH,

Mean
Velocity
of Water
in Ft.

pei-
Second.



148 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE THIKTY-SIX INCH,

Mean
Velocity
of Water
in Ft.
per

Second.



FRICTION OF WATER IN CAST-IRON PIPES. 149

DIAMETER THIRTY-SIX INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



150 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE THIETY-SIX INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 151

DIAMETER THIETY-SIX INCH,

Mean
Velocity
of Water
in Ft.

pei-
Second.



152 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEK TEIBTY-SIX INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OP WATER IN CAST-IRON PIPES. 153

DIAMETEK THIRTY-SIX INCH.

Mean
Velocity
of Water
in Ft.

pei-
Second.



154 FRICTION OF WATER IN CAST-IRON PIPES.

JDIAMETEE THIETY-SIX INCH.

Mean Head in ,,. , Los* of



FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETER THIRTY-SIX INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



156 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE POKTY-EIGHT INCH,

Mean
Velocity
of Water
in Ft.

pel-
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 157

DIAMETER FORTY-EIGHT INCH,

Mean
Velocity
of "Water
in Ft.

per
Second.



158 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETER FORTY-EIGHT INCH,

Mean
Velocity
ofWater
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 159

DIAMETER FOKTY-EIGHT INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



160 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE FOKTY-EiaHT INCH.

Mean
Velocity
of Water
in Ft.

pel-
Second.



FRICTION OP WATER IN CAST-IRON PIPES. 161

DIAMETEE POETY-EIGHT INCH,

Mean
Velocity
of Water
in Ft.
pel-

Second.



162 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEK POETY-EIGHT INCH.

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 163

DIAMETEE FOETY-EIGHT INCH,

Mean
Velocity
of Water
in Ft.
pel-

Second.



164 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE SIXTY INGE.

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 165

DIAMETEK SIXTY INCH,

Mean
Velocity
of Water
in Ft.

pei-
Second.



166 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETER SIXTY INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 167

DIAMETEK SIXTY INCH.

Mean
Velocitv
of Water
in Ft.

per
Second.



168 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEK SIXTY INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



FRICTION OF WATER IN CAST-IRON PIPES. 169

DIAMETER SIXTY INCH,

Mean
Velocity
of Water
in Ft.

per
Second.



170 FRICTION OF WATER IN CAST-IRON PIPES.

DIAMETEE SIXTY INCH,

Mean
Velocity
of Water
in Ft.

pel-
Second.



Supplementary Table A, of Theoretical Velocities, to be Used in Obtain*

ing Results Beyond the Highest Limits of Table No, 2,

<2g=64.4.)
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